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Report No. 052007/2 

PROGRESS REPORT ON QUESTA WASTE ROCK INVESTIGATION: 
WORKPLANS FOR ROUTINE MONITORING, GEOCHEMICAL AND 

PHYSICAL CHARACTERIZATION 

1 INTRODUCTION 

1.1 Background 

In July 1998, Molycorp submitted a detailed five-year characterization and monitoring program for 
the Questa waste rock dumps to the NMED as part of the Discharge Plan DP-1055 (Molycorp, 
1998). This five-year program outlines the objectives, worit scope and schedule for the 
characterization and monitoring program. 

The waste rock characterization program follows a staged approach. In Phase 1 (lasting 3 years) 
selected waste rock piles will be characterized, instrumented and monitored. The results of the 
characterization and monitoring will be used to generate and calibrate models of these dumps for 
predictive modeling and closure alternatives evaluation. In Phase 2, these results will be used to 
design and implement a characterization program for the remaining dumps. 

Each phase of the characterization program consists of a series of tasks and sub-tasks 
(Molycorp, 1998). Detailed work plans will be prepared for individual tasks (or sub-tasks) and 
submitted to the NMED for review and approval. 

1.2 Work Tasks Completed 

The following work tasks have been completed to date (for a description of the individual work 
tasks of the Phase 1 program, see Molycorp. 1998): 

1.2.1 Task 1.1 Review of Mining History and Dump Composition 

The geometry of the various waste rock dumps was determined by comparing topographic maps 
for pre-mining and current conditions. The estimated depths of waste rock agreed fairiy well with 
those encountered at the nine borehole locations. 

A preliminary review of mining history and dump development was completed prior to the Phase 
1 drilling program. The results of the drilling program will be compared with the mining records to 
detennine the location and distribution of the various waste rock types. 

1.2.2 Task 1.3 Phase 1 Drilling and Sampling Program 

Following discussions with NMED and internal review the drilling and instrumentation program 
was finalized and approved by the NMED in a letter dated July 7, 1999. The final work plan 
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stipulated drilling and instmmentation of nine boreholes in three waste rock dumps (2 in Spring 
Gulch, 3 in Sugar Shack South, 2 in Sugar Shack West and 2 in Capulin/Goathill). 

The drilling and instrumentation of the nine boreholes in the waste rock dumps started on July 
29'̂  and was completed on August 4'" 1999. The drilling and sampling methods are described in 
the as-built report submitted to Molycorp (SRK, 1999). A preliminary review and interpretation of 
the initial characterization of borehole samples (logs of lithology; paste pH and paste conductivity; 
moisture content) were provided in RGC Report 052007/1 entitled "Interim Report: Questa Waste 
Rock Pile Drilling, Instrumentation and Characterization Study'. 

The drilling and sampling of two additional boreholes in natural scar material is scheduled for the 
first week of October. The drilling and sampling methods will be identical to those in the waste 
rock piles. As outlined in the work plan, these boreholes will not be instrumented. Results of this 
field woric will be submitted to the NMED at a later time. 

1.2.3 Task 1.4 Instrumentation & Monitoring 

The field instrumentation was completed as outlined in the work plan and is summarized in the 
as-built report (SRK 1999). Soil suction/moisture sensors were not installed in the boreholes (as 
originally proposed) due to anticipated difficulties in achieving a good contact with the rock matrix. 
Consideration is being given to installing such sensors in deep test pits where the material type 
and compaction characteristics can be controlled to be representative of the rest of the pile 
material. 

Field monitoring of dump temperature was initiated shortly after installation was completed. Field 
monitoring of pore gas constituents (oxygen and carbon dioxide) began in mid-September. A 
preliminary review of these initial monitoring data is provided in Section 2 of this report. 

The monitoring program for the first year is outlined in Section 3 of this report. 

1.3 Scope of Report 

This progress report provides the following items: 

• Preliminary Review of Field Data; 

• Woric Plan for Dump Monitoring; 

• Woric Plan for Geochemical Testing; and 

• Woric Plan for Physical Testing. 
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2 PRELIMINARY REVIEW OF FIELD DATA 

2.1 Summary of Sample Description 

Waste rock samples were taken at five foot intervals during drilling of the nine boreholes (SRK, 
1999). These borehole samples were characterized in the field (lithology, paste pH and paste 
conductivity) and sub-samples were taken to the lab for determination of the moisture content 
(SRK, 1999). The results of this field characterization program are discussed in the "interim 
Report on the Waste Rock Drilling Program' (RGC Report 052007/1). Table 1 provides a 
summary of these observations and a preliminary assessment of these data. 

Detailed logs of the geological description and geochemical field testing of all samples from the 
nine boreholes are provided in Appendix A. The physical logs of the various borehole samples 
(which was completed only after submission of the Interim Report) are summarized in Appendix 
B. 

2.2 Waste Rock Monitoring Data 

All nine boreholes were instrumented to measure in-situ temperature and to monitor O2 and CO2 
in pore gas (SRK, 1999). The first complete round of monitoring was performed on September 
16*" and 17* 1999, i.e. approximately six weeks after installation woric had been completed. The 
following sections provide a brief review and preliminary assessment of these monitoring data. 

2.2.1 Temperature Profiles 

The temperature profiles observed in the various boreholes on September 16*" and 17*" 1999 are 
shown in Figures la and lb. These temperature profiles were very similar to the initial 
temperature readings taken shortly after instrumentation was completed in mid-August (typically 
within 2-3° F) suggesting that the air temperature within the dumps equilibrated very quickly. 

The temperature monitoring data can be summarized as follows: 

• seven of the nine instrumented waste rock dump locations show internal dump 
temperatures significantly higher than ambient air temperature (55-60°F); "background" 
temperatures (< 60°F) were only observed in WRD-1 & 6; the highest temperatures (> 
100°F) were observed at WRD-2, 4 & 5; 

• dump temperatures typically increase monotonically with depth showing maximum 
temperatures at or near the base of the dump (or bottom of borehole); 

• within a given dump, a temperature gradient tends to develop parallel to the slope with 
lower temperatures at lower elevations and elevated temperatures at higher elevations (e.g. 
WRD-3 versus WRD-4 in Sugar Shack South and WRD-6 versus WRD-7 in Sugar Shack 
West); 

• the individual temperature readings do not correlate very well with observed lithology and/or 
paste pH/conductivity at the monitoring locations; 

Report No. 052007/2 Robertson GeoConsultants Inc. 
November 1999 



J} 
n 
•a 
o 
a. 

o 
ro 
o 
o 

7) 
o 
or 
(D 
3. 

o 
o 

2 O 
o o 
< 3 

~ 3 

Table 1. Summary of Field Characterization in Various Boreholes in Waste Rock. 

Borehole 

WRD-1 

WRD-2 

WRD-3 

WRD-4 

WRD-5 

WRD-6 

WRD-7 

WRD-8 

WRD-9 

Location 
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Bench Level 

9100' 

9250-

8700' 

9150' 

92Sff 

9000-

9400' 

9810-

9800-

Lithology'" 

aplite in upper 25'; black andesite 
(w/ calcite) In lower portion 

hydrothermaOy altered mixed 
volcanics, soma aplite at t>as8 

unaltered andesite & aplite in upper 
55'; hydrothermally altered andesite 
and mixed volcanics in lower portion 

mix of hydrothermally altered mixed 
volcanics, aptite/granite, and 
unaltered grey volcanics 

hydrothermally altered mixed 
volcanics in upper 25"; grey-green 
andesite (propylitic) in lower portion 

hydrothermally altered mixed 
volcanics in upper 30'; unaltered tuff 
in grey-brown matrix at depth 

hydrothermally altered mixed 
volcanics (w/ aplite) in upper 30°; 
hydrothermally altered mixed 
volcanics (w/ rhyolite) in grey-brovm 
matrix at depth 

crystal rich grey tuff with altered 
(grey/light brown) clay matrix 

mixed volcanics, tuff and black 
andesite 

Field Characterization 

high paste pH & moderately low 
paste cond 

very k>w paste pH & high/very high 
pasta cond 

high paste pH & moderate paste 
cond in upper portion; moderate/low 
paste pH & high paste cond in lower 
portmn 

moderate paste pH and 
moderate/high paste cond 

low paste pH and moderate pasta 
cond in upper portion; 
high paste pH and moderate paste 
cond in lower portion 
k>w paste pH and moderate/ high 
paste cond In upper portion; 
high paste pH and moderate/ high 
paste cond in lower portion 

k>w paste pH and moderate high 
paste cond in upper portion; 
high paste pH and nrKXJerate/ low 
pasta cond in kjwer portion 

kiw paste pH and moderate/ high 
paste cond 

low paste pH and moderate/ high 
paste cond 

Preliminary Interpretation'^* 

predominantly non-acid generating material; significant 
calcite buffering 

predominantly acid generating material; appears to be 
significant accumulation of secondary minerals near base 

non-acid generating material in upper profile;some acid 
generating material in k>wer profile; potentially significant 
accumulation of secondary minerals near base 

mix of acid generating and non-acid generating material; 
appears to be significant accumulation of secondary 
minerals near base 

mix of acid generating and non-acid generatir\g material; 
cateite buffering in k>vrar profile 

potentially acid-generating material throughout; predicted 
"ackl fronr at a depth of -30ft 

potentially ackl-generating material ttvoughout; predicted 
'acid fronr at a depm of -30ft 

ackl-generating material throughout; predicted "acid 
fronr at base of pile 
acid-generating material tiiroughout; predicted 'acid 
fronr at base of pile; appears to be significant 
accumulation of secondary minerals near base 

Note: 

'*' emphasis placed on weathered matrix (e.g. "hydrothermally altered mixed volcanics" characterized by yellow-brown matrix In field descriptions) 

*'' t>ased on preliminary data (needs to be confirmed by geochemical testing and future monitoring) 
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Ultimately, all heat generated within a dump is caused by the exothermic reaction (oxidation) of 
sulfide minerals present within the waste rock. However, this does not necessarily imply that the 
most reactive material (with the highest oxidation rates) is located in areas of the pile with the 
highest temperatures. In order to understand the temperature at a given point one has to assess 
not only the oxidation rates of the local material (local heat source), but also the pattern of air 
movement, the oxidation rates of the waste rock material along the air flow path (upstream heat 
source), and heat conduction through the waste rock material. 

The temperature gradients observed at Questa in most locations are sufficiently strong to create 
significant advective air movement (thermal venting") within a coarse waste rock pile. The fact 
that local dump temperatures appear to be more influenced by dump topography and geometry 
(depth, distance from toe, etc.) than by local geochemical conditions (lithology, paste pH etc.) 
supports the hypothesis that advection is a signiflcant transport mechanism. 

Note that temperatures within a dump (and advective air movement) may be signiflcantly affected 
by seasonal changes in the ambient air temperatures. Temperature monitoring in the 
instrumented dumps will be continued to study these seasonal phenomena (see Section 3.2). 

2.2.2 Oxygen Profiles 

The oxygen profiles observed on September le" ' and 17*" 1999 in the various waste rock dumps 
are shown in Figures 2a and 2b. 

The oxygen data can be summarized as follows: 

• oxygen concentrations do not show a consistent relationship with depth; some boreholes 
show a decrease with depth (WRD-5, 6, 8 & 9) while others show an increase with depth 
(WRD-2 & 7) or no change at all (WRD-1, 3 & 4); 

• several boreholes showed no depletion of oxygen (i-e. ambient oxygen concentrations of 
about ~20%) throughout the dump profile (WRD-1 and WRD-3) or near the base of the 
waste rock pile (WRD-2 and WRD-9); 

• very strong oxygen depletion (<5%) throughout the profile was only observed at WRD-7; 
some local depletion of oxygen was observed at WRD-2, 5 & 6; 

Since completion of this report a second round of pore gas monitoring has been completed 
(October 21 1999). The pore gas concentrations measured during this most recent survey (not 
shown here) agree very well with those shown in Figures 2-4. In other words, the measured pore 
gas concentrations in the boreholes (resulting from oxidation reactions and air flow) appear to 
have reached equilibrium within six weeks of drilling/installation and likely represent true in-situ 
conditions. 

The monitoring data cleariy suggest that the Questa dumps are not "oxygen-limited", i.e. the 
supply of oxygen does not appear to be a rate-limiting step in the oxidation of sulfide minerals 
except in a few locations where oxygen approaches zero (e.g. WRD-6). 

Furthennore, the oxygen data strongly suggest that advection is the dominant mechanism for 

transporting oxygen within the Questa dumps. A review of the spatial distribution of oxygen 
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suggests that "fresh air" may enter the dump either along the exposed slope faces (potentially 
driven into the upper profile by wind action and/or barometric pumping, see for example WRD-8 & 
9) or along the coarse basal layer of the pile fsucked" into the pile by thermal convection, see for 
example WRD-2 or WRD-9). 

The oxygen data collected at the three stations in Sugar Shack South (WRD-3, 4 & 5) indicate a 
gradual decrease in oxygen content in the pore gas with distance from the toe of the pile. Large-
scale themnal convection within this pile could explain this spatial distribution of oxygen 
(progressive consumption of oxygen in pore gas along the air flow path). The data collected from 
the three stations in Sugar Shack South provide an excellent opportunity to study the influence of 
large-scale convection on oxidation of the waste rock material (see Section 2.3). 

None of the oxygen profiles show a uniform decrease with depth, which is commonly observed in 
waste rock dumps which are diffusion-controlled (with the possible exception of WRD-6). The 
contribution of diffusion to oxygen transport is likely very small at Questa and restricted to the 
near-surface zone. Oxygen monitoring in the instrumented dumps will be confinued to confinm 
these preliminary findings (see Section 3). 

2.2.3 Carbon Dioxide Profiles 

The carbon dioxide profiles observed on September 16* and 17* 1999 in the various waste rock 
dumps are shown in Figures 3a and 3b. A scatter plot of oxygen and carbon dioxide 
measurements for all monitoring points is shown in Figure 4. 

The carbon dioxide data can be summarized as follows: 

• carbon dioxide concentrations In pore gas vary from as low as 0.1% (ambient CO2 
concentrations in air, e.g. WRD-1 & 3) to as high as 11 % (WRD-6); 

• in the majority of locations (WRD-1, 3, 4, 5, 6 & 7) carbon dioxide concentrations are 
inversely proportional to the oxygen concentration (with an increase in CO2 of about 2.5% 
for every 10% decrease in O2); 

• at three locations (WRD-2, 8 & 9) carbon dioxide concentrations are very low despite 
significant oxygen depletion 

As mentioned above for O2, the CO2 profiles observed during the latest round of pore gas 
monitoring (October 21 1999, not shown) were also very similar to those shown in Figure 3 
suggesting that the measured CO2 concentrations are representative of in-situ conditions. Note, 
however, that some CO2 readings in WRD-7 are higher than the quoted upper limit of the 
instrument Q.e. 10%). It is likely that the C02 readings recorded in the lower portion of WRD-7 
are in fact greater than the measured 11%. 

Elevated levels of carbon dioxide in pore gas are likely indicative of calcite buffering within the 
dump. The CO2 data concur with the preliminary conclusions from the paste pH and conductivity 
survey that the waste rock material at WRD-2 (upper Spring Gulch), WRD-8 (Capulin Canyon) 
and WRD-9 (Capulin/Goathill) has very little, if any, neutralizing capacity (at least in the form of 
calcite). 
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The fact that most other dumps show a consistent anti-con-elation between CO2 and O2 (Figure 4) 
suggest that calcite, or other carbonates, are the dominant neutralizing agent and is common 
throughout the majority of the dumps. 

As outlined eariier in the discussion of dump temperature and oxygen concentrations, the 
observed carbon dioxide concentrations will need to be interpreted in the context of air flow 
through the dumps (i.e. CO2 concentrations may be influenced by the buffering reactions 
occurring upstream of the monitoring point). 

Carbon dioxide monitoring in the instrumented dumps will be continued to conflrm these 
preliminary flndings (see Section 3). 

2.3 Implications for Future Work 

The preliminary review of all fleld data shows a significant variability among the nine instrumented 
boreholes, both in terms of geochemical characteristics of the waste rock and the in-situ 
temperature and O2/CO2 concentrations in pore gas. The broad range of conditions encountered 
in these boreholes provides an excellent opportunity to study the geochemical and physical 
controls on ARD development at the Questa dumps. 

Advective air fiow has been identified as the likely dominant transport mechanism for oxygen 
within the dumps in at least seven of the nine instrumented boreholes (the only possible 
exceptions are WRD-6 and 7 at Sugar Shack West). Air fiow modeling should be carried out in 
order to assess the relative importance of 0) thennai convection (ii) wind-induced advection and 
(iii) barometric pumping. A detailed woric plan for the air flow modeling will be provided after 
review of the routine monitoring data collected over a three-month period. The routine monitoring 
program of dump temperatures and pore gas constituents has been designed to obtain the data 
required to perfomn the airflow modeling (see Work Plan for Dump Monitoring in Section 3). 

Thenmal convection is cleariy evident in several "hot piles' (e.g. WRD-2, 4 & 5). Themnal 
convection does not only influence the supply of oxygen for sulfide oxidation (by "sucking" fresh 
air potentially deep into the pile). It may also significanfly influence the moisture distribution within 
a pile. The hot air near the base of the pile can potentially result in significant internal drying of 
the waste rock piles. The water vapour may be cam'ed upwanJ during convection. As the air cools 
on its way up to the pile surface the water vapour will condense releasing some of the moisture 
back to the waste rock matrix. In very penneable waste rock layers, so-called chimneys, the air 
may have little opportunity to cool down and hot moist air may leave the pile producing the 
observable steaming vents. 

In summary, thenmal convection may have an important influence on the water balance and thus 
ARD migration from a waste rock pile (note very high paste conductivities have been observed 
near the base of most "hot piles' which may indicate evaporative drying of dissolved solids). 
Provisions have been made in the routine monitoring program to measure the relative humidity at 
various depths within the piles (see Woric Plan for Routine Monitoring in section 3). This data in 
conjunction with air flow modeling will enable an assessment of the importance of vapor transport 
in the water balance of the waste rock dumps. 

The material intercepted in the nine boreholes covers all types of waste rock (Aplite, unaltered 
(black) Andesite, propylitic Andesite, Tuff/Rhyolite; and hydrothennally altered mixed volcanics). It 
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is evident from the preliminary data that the type of material and its location within the dump has 
a significant influence on the potential for ARD. Representative samples from each borehole and 
rock type have been selected for ABA testing and titration (see Woric Plan for Geochemical 
Testing in section 4). A work plan for more detailed geochemical characterization (further static 
and kinetic testing) on a subset of these samples will be submitted after review of these initial 
results. 

Water movement within the pile is of critical importance in detennining the load of oxidation 
products that may be released into the environment. Most instrumented waste rock piles appear 
to be relatively "dry', i.e. showing (gravimetric) moisture contents typically less than 10% with no 
clear signs of a wetting front. No free water was observed during drilling or during subsequent 
monitoring of the standpipe piezometers slotted at the base of each pile. The data strongly 
suggest that water movement in the waste rock dumps is slow and occurs as unsaturated flow. 
The moisture movement within the waste rock piles will have to be monitored and modeled. 
Provisions are made in the five-year work scope to install soil suction/moisture sensors and 
measure net infiltration in the upper few meters of the waste rock material. Representative waste 
rock samples will be collected this fall (from trenches) and physically characterized (see Work 
Plan for Physical Testing in section 5). Monitoring of soil moisture fluxes are scheduled to begin 
in the spring/summer of 2000 using infiltration test plots. A woric plan for the design, installation 
and monitoring of inflltration test plots will be provided after review of the results of the physical 
tests. 
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3 WORK PLAN FOR DUMP MONITORING 

The following woric plan outiines the scope of dump monitoring to be earned out at the nine 
instrumented boreholes. The scope of the monitoring program will be reviewed and likely reduced 
after one full year of monitoring (m September 2000). 

3.1 Parameters 

In the original work scope provisions were made for monitoring dump temperature, oxygen and 
carbon dioxide (in pore gas) at various depths of the nine boreholes (Molycorp, 1998). The in-situ 
dump temperatures are monitored using dedicated thermistors and the pore gas constituents (O2 
and CO2) are monitored using a Nova 309BCWP portable gas analyzer (the analyzer is equipped 
with a small air pump, which delivers pore gas from the sampling port to surface). It is essential 
that all three parameters be measured during the same visit. 

A review of the initial monitoring data has indicated that thenmal convection is common in the 
dumps which may result in signiflcant movement of water vapour in waste rock influencing the 
water balance of the dump (see section 2.4). In order to further assess this mechanism an 
attempt will be made to measure the relative humidity in the pore gas at the various boreholes. 
The pore gas will be pumped into an insulated chamber using an air sampling pump (e.g. HFS 
513 or equivalent). The insulated chamber is a modifled calibration chamber in which the probe of 
a portable thenmo-hygrometer (e.g. Hanna Instruments 8564 or equivalent) is inserted. The probe 
measures the temperature and relative humidity in the air stream passing through the chamber. 
Pore gas will be pumped through the chamber until temperature and relative humidity readings 
have stabilized. 

In order to quantify the effect of thenmal convection on the water balance of the waste rock dumps 
(due to internal drying) the process of airflow has to be modeled. The airflow model is very much 
alike to a groundwater flow model (in fact both are based on Darcy's law) only that air flow is 
driven by gradients in air pressure (as opposed to hydraulic head) and the amount of air flow is 
govemed by the air permeability (as opposed to hydraulic conductivity). We recommend 
measuring air (barometric) pressure at selected depths of the instrumented dumps using the 
access tubing for pore gas monitoring. A differential pressure transducer (full scale of about 150 
mbar) should be used for this purpose which is attached to the end of the air tube at surface 
(providing a good seal). This transducer will read the differential air pressure between the 
sampling port and the ambient air pressure at surface. An additional pressure transducer (full 
scale readout of ~1000 mbar) will be required at surface to convert the readings to total air 
pressure. Both transducers should be hooked up to a data logger to allow automated monitoring 
of air pressure at the required frequency (say half hour intervals). 

During each site visit the local weather conditions at each borehole should also be recorded 
including air temperature, relative humidity, precipitation and snow depth/water equivalent. 

3.2 Routine Monitoring 

The routine monitoring is designed to investigate the seasonal changes in dump temperatures 
and associated changes in pore gas composition. To this end, dump temperature and the pore 
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gas constituents (O2 and CO2) will be measured monthly at all stations for the flrst year of 
installation. 

Relative humidity measurements in pore gas will also be taken for one quarter. I.e. three rounds 
of monthly readings (provided the set-up for measuring relative humidity proves reliable). The 
humidity measurements should be taken immediately after the temperature and O2/CO2 readings, 
i.e. during the same site visit. The frequency of further monitoring of relative humidity in pore gas 
(beyond 3 months) will be detenmined after review of the results of this initial three-month period. 

Air pressure readings (at least houriy) should be taken for an initial evaluation period of three 
months (provided the proposed set-up for measuring air pressure proves reliable). We 
recommend measuring air pressure at differing depths and locations (by moving the transducer to 
a different access tube every say 14 days) to obtain a feel for the variability within and between 
piles. The frequency of further monitoring of air pressure in pore gas (beyond 3 months) will be 
detenmined after review of the results of this initial three-month period. 

3.3 Monitoring of "Extreme Events" 

The effect of extreme weather conditions on dump temperatures and pore gas composition will be 
assessed by detailed monitoring. Detailed monitoring will take place during the following "extreme 
events': 

• day with unusually low air temperature ("very cold day"); 

• day with unusually high air temperature CVery hot day"); 

• passage of a frontal system (with large changes in barometric pressure and air 
temperature). 

During the "very hot' and "very cold' days, temperature and O2/CO2 readings will be taken once 
in all nine boreholes. During the passage of the frontal system, temperature and O2/CO2 
readings will be taken every four hours in the three boreholes located in Sugar Shack South 
(WRD-3 to WRD-5) over a period of one day (6 rounds of readings per borehole in total). 

If monitoring of a frontal system proves difflcult this monitoring campaign can be replaced with 
monitoring the diurnal changes of dump temperature and 02/002 concentrations in pore gas 
during a very clear day (with associated diurnal variations In temperature). 

Air pressure should also be recorded at selected locations during "extreme event' monitoring (an 
analysis of the routinely collected data (houriy readings) will likely suffice). An analysis of the air 
pressure changes within the dumps in response to barometric changes (e.g. passiage of a frontal 
system) can be used to estimate the in-situ air penmeability in a given region of the pile. 
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4 WORK PLAN FOR GEOCHEMICAL TESTING 

4.1 Objectives 

The geochemical testing program discussed here comprises static and kinetic testing of the 
Questa waste rock samples collected from the borehole drilling program (Task 1.5 of five-year 
program). The purpose of the geochemical testing program is to characterize the Questa waste 
rock with respect to its acid generation and acid consuming potential, metal leaching and mobility 
characteristics and likely water quality conditions in both the near and long tenm. 

4.2 Previous Work 

A preliminary characterization of the Questa waste rock material was done in 1995 and is 
summarized in the SRK Report entiUed "Questa Molybdenum Mine: Geochemical Assessment". 
This eariier study was of limited scope with respect to geochemical characterization of the waste 
rock material. The geochemical assessment included Add Base Accounting (ABA) testing, whole 
rock analyses (ICP) and shake flask leaching analyses on selected waste rock samples collected 
at surface. Table 2 summarizes the number of samples submitted for each test with respect to 
rock type. 

Table 2. Summary of rock types tested in previous study (after SRK, 1995) 

Rock Type 

Hydrothenmal 
Scar 

Aplite/Granite 

Black Andesite 

Mbced Volcanics 

No. of Samples 
Collected 

9 

8 

10 

21 

ABA Analyses 

2 

7 

7 

15 

Whole Rock 
Analyses 

4 

5 

2 

8 

Shake Flask 
Extraction Test 

7 

1 

3 

15 

This initial woric indicated that "the black andesite and aplite/granite rock types had negligible to 
low potential to generate acid and limited potential for leaching sulfate and metals. The mixed 
volcanic rock type, which comprises the majority of the waste rock dumps, was determined to 
have a significant potential to generate add and leach contaminants such as sulfate, copper, 
manganese and zinc (SRK, 1995)." 

4.3 Scope of Work 

The overall scope of woric for the geochemical testing of the waste rock samples collected during 
the waste rock drilling program has been outlined in the five-year program (Molycorp, 1998). The 
sampling and geochemical testing was designed to augment the results from the preliminary 
geochemical testing (SRK, 1995). 
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The geochemical testing program has been subdivided into a static testing program (Task 1.5a) 
and kinetic testing program (Task 1.5b). The static testing will indude the following tests: 

Whole rock (ICP) analysis 

ABA analyses 

Petrographic mineral analysis 

X-ray diffraction analyses 

Nevada meteoric water extraction tests 

Titration testing 

The kinetic testing program proposed in the same document consisted of the following: 

• Humidity cell tests (large cells with coarse waste) 

• Petrographic and X-ray analyses of residues 

• Oxygen consumption rate tests 

• Column leach/buffering tests 

A staged approach to the testing program is proposed here, whereby samples are first submifted 
for ABA and forward acid titration testing (Phase la). Once the results are reviewed, a subset of 
samples will be selected for the remaining tests of the static testing program, i.e. whole rock 
chemistry (ICP), leach extradion testing and mineralogical (petrography and XRO) analysis 
(Phase 1b). Similariy, once results of the Phase l b testing are available, samples can be 
selected for the kinetic testing program (Phase Ic). 

Confinmation from NMED with respect to the sample selection will be sought prior to each phase 
of testing. This work plan details the sample selection for the first set of testing in Phase 1 a. 

4.4 Phase l a Testing 

As described above. Phase la of the geochemical testing program will consist of Acid Base 
Accounting (ABA) and titration testing. ABA results will provide initial classification of samples as 
to their potential for add generation or acid consumption. The fonvard titration procedure is used 
to determine, qualitatively, the add neutralization capacity of the sample as well as the pH range, 
and therefore mineralogical component, that may provide effedive buffering in the field. The test 
protocols were provided in the letter submission to the NMED dated June 17 1999 (Molycorp, 
1999). 

A total of 55 samples (induding 4 duplicates) from these drill holes have been selected for Acid 

Base Accounting (ABA) analyses. 11 of these samples have also been selected for fonvard acid 
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titration analyses. The samples seleded for testing are indicated on the drill hole logs provided in 
Appendix A and are summarized in Table 3 below. 

Table 3. Summary of samples selected for Phase la of the geochemical testing program\ 

Drill hole 

WRD-1 

WRD-2 
WRD-3 

WRD-4 

WRD-5 

WRD-6 

WRD-7 

WRD-8 
WRD-9 

SUBTOTAL 
DUPLICATES' 
TOTAL 

No. of General Unit Description^'^ 
Samples 

3 
3 
1 
4 
1 
3 
2 
2 
2 
1 
2 
1 
2 
3 
3 
1 
2 
2 
2 
5 
2 
3 
1 

51 
4 
55 

Predominantly aplite samples 
Predominantiy "black" andesite 
Predominantiy propylitically altered andesite 
Predominantiy hydrothennally altered mixed volcanics 
Predominantiy hydrothennally altered rhyolite 
Hydrothermally altered mixed volcanics (predominantiy andesite) 
Unaltered (to slightiy altered) andesite 
Hydrothennally altered mixed volcanics 
Unaltered mixed volcanics 
Predominantiy rhyolite 
Hydrothermally altered mixed volcanics (predominantly andesite) 
Predominantiy unaltered (to slightiy altered) andesite (+/- rtiyolite) 
Predominantiy propylitically altered andesite 
Hydrothenmally altered mixed volcanics 
Rhyolite/Tuffs 
Unaltered mixed volcanics 
Hydrothenmally altered mixed volcanics (+/- aplite) 
Unaltered mixed volcanics (•<•/- aplite) 
Rhyolite 
Tuff 
Unaltered (to slightly altered) mbced volcanics (+/- andesite) 
Rhyolite/tuffs 
Hydrothermally altered mixed volcanics 

Notes: 
^ see text for details on geochemical units 
^ detailed field descriptions are provided on drill logs in Appendix A. 

^ QA/QC duplicates were chosen covering the 4 primary geochemical units and are indicated on the tables in 
Appendix A (i.e. one hydrothermally altered mixed volcanic, one aplite, one unaltered andesite and one tuff 
sample) 
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The waste rock samples have been categorized into 5 general 'geochemical units'. These are: 

Predominantiy aplite samples; 

Predominantiy unaltered volcanics (induding 'black' andesite); 

Predominantiy propylitically altered andesite; 

Predominantiy hydrothermally altered mixed volcanics; and 

Rhyolites/tuffs. 

The tenm "altered" used here for dassification purposes refers to alteration occuning pre-mining 
(i.e. hydrothenmal alteration of some type) and does not imply alteration due to weathering post 
deposition (such as sulfide oxidation). It is expected that these units may be reclassified (either 
combined or subdivided) based on the results of the geochemical testing program. 

Samples were selected at various depths in each of the drill holes in order to obtain a 
representative range of waste material types from each bore hole (see Appendix A). An attempt 
has been made to select samples which are representative of the range of rock types, alteration 
(i.e. hydrothenmal, propylitic etc.), degree of weathering, paste pH and paste conductivity values, 
as well as temperature, oxygen and carbon dioxide content characteristics. 

Additional samples were selected in those locations where: 

• an 'acid front' is suspected at a specific depth within a drill hole (e.g. WRD-5), 

• significant depletion in oxygen and/or increase in carbon dioxide was observed (e.g. WRD-
6). 

• unexpected paste pH and/or paste conductivities were seen for a certain rock type (e.g. low 
paste pH and very high paste condudivity for aplite in WRD-2), and 

• advedion/convedion is anticipated to be a large fador in air transport (e.g. WRD-2). 

It should also be noted that an intentional sampling bias with resped to potentially acid 
generating material is inherent in the program, as the majority of drill holes were located in areas 
believed to be of a more potentially add generating nature. These locations were specifically 
seleded to investigate the processes controlling ARD produdion and evolution in the waste rock. 

The proposed sample seledion provided in this work plan is believed to reflect the range of 
material charaderistics present in the Questa waste rock dumps. Approximately 6% of the 
samples seleded are aplite samples, 25% are unaltered volcanics (induding the 'black' andesite), 
6% are propylitcally altered andesites, 33% are hydrothenmally altered mixed volcanics and 30% 
are rhyolite/tuff samples. The latter 2 groups (or 63% of seleded samples) are likely comprised 
of potentially acid generating material and the fonner 3 groups (or 37% of seleded samples) are 
expeded to fail in the 'uncertain' or 'non acid generating' categories. 

Note that hydrothermal scar material will also be seleded for ABA testing once the drilling in the 
scar areas is completed and the field logs and the results of the preliminary geochemical 
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charaderization (paste pH and paste condudivity) have been reviewed. Once completed, a list of 
proposed borehole samples for ABA testing will be submitted to the NMED. 

A progress report will be submitted with the results of the Phase la testing, initial interpretation 
and graphical presentation of the data together with a proposed subset sample selection for 
subsequent testing. 

4.5 Phase l b Testing 

Phase lb will consist of a subset of samples for testing via whole rock chemistry (ICP), leach 
extradion testing and mineralogical (petrography and XRD) analyses. As with Phase la 
presented above, a progress report will be prepared upon completion of the testing which will 
include a suggested sample seledion for Phase Ic (kinetic testing). 

4.6 Phase Ic Testing 

Kinetic tests are time-dependent and relatively costly (kinetic tests may run for as long as 9 
months or possibly longer). Therefore it is suggested that all static testing (Phase la and lb) will 
be completed before sample selection is finalized for kinetic testing to ensure that appropriate 
representative samples, with known static test charaderistics, are seleded for the latter testing. 
A progress report will be prepared and submitted following completion of the kinetic testing 
program. 
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5 WORK PLAN FOR PHYSICAL TESTING 

5.1 Objectives 

The physical testing program comprises geotechnical and geohydrological charaderisation of the 
Questa waste rock material (Task 1.6 of five-year program). The purpose of this physical testing 
is as follows: 

• to physically charaderize and dassify the waste rock; 

• to detenmine engineering properties for stability analyses; 

• to detennine soil moisture and hydraulic condudivity charaderistics required for the 
development of physical models for water balance and infiltration modeling; and 

• to provide data for the assessment of the various waste rock types as potential cover 
material. 

The results of this testing program will also be used in the design of the infiltration tests plots and 
subsequent infiltration modeling. 

The fleld program (consisting of sample colledion and field measurements) will be carried out in 
the fall of 1999 (pending approval by the NMED). This way, laboratory testing and subsequent 
design of infiltration test plots can be completed in the winter of 1999/2000 and installation of the 
test plots can begin in the spring of 2000. 

5.2 Sampling 

The sampling program is designed to obtain representative samples from the various waste rock 
types exposed at surface, i.e. aplite, black andesite, hydrothennally altered mixed volcanics (MV), 
and tuff/rhyolite. The following preliminary sampling locations have been selected: 

• WRD-1 (aplite); 

• WRD-3 (black andesite); 

• WRD-4 (hydrothenmally altered mixed volcanics); 

• WRD-5 (hydrothenmally altered mixed volcanics); 

• WRD-6 (hydrothennally altered mixed volcanics); and 

• WRD-8 (tuff) 

These preliminary sampling locations have been seleded based on the geochemical and physical 
description of the samples recovered from the various boreholes. The three sites seleded in 
hydrothennally altered mbced volcanics (WRD-4, 5 and 6) differ with respect to compadion (loose 
material at angle-of-repose slope near WRD-4 versus compaded haul road at WRD-5) and slope 
orientation (slopes near WRD-6 and WRD-5/6 fadng west and south, respectively. 
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Sampling will be done at a distance of at least 30m of the borehole in order to minimize the 
impad on the waste rock area being monitored. Alternative sampling locations may have to be 
seleded in the field depending on the materials encountered at each site. 

The sampling will be done under the supervision of a specialist geotechnical engineer and a 
hydrogeologist. Where feasible a trench will be dug to a depth of about 9-12 ft (3-4 m) using an 
excavator. The trench will be dug in layers of approximately 3 ft (1 m) thickness and the in-situ 
density of the waste rock material be determined, if feasible, at these 3ft intervals (using the 
"sand cone method", see sedion 5.3). Material from each 3ft interval will be placed in a separate 
pile, photographed and described with resped to chemical composition (lithology, paste pH, 
paste condudivity) and physical appearance (cx)lor, texture, visual estimate of grain size 
distribution). The side walls of the trenches will be examined and logged with respect to layering, 
grading, texture and presence of macropores. Two to three representative grab samples will be 
taken from each trench covering the range of grading/compadion observed in the trench (at a 
minimum one sample from the near-surface and one sample from depth). 

At several sampling stations located mid-slope (e.g. WRD-4) a face will be dug into the slope 
(using a backhoe with extended anm) to expose the internal strudure of the material (layering, 
grading etc.). The side walls will be photographed and logged with resped to layering, grading, 
texture and presence of macropores. At these locations, grab samples will be taken either by 
hand (if safe) or by using the backhoe. 

Grab samples from the trenches and test pits will be colleded in five 5-gal plastic buckets (i.e. a 
total sample size of about 250-300 lbs per sample). An additional 5-gal bucket will be filled with 
material passing the 'A inch screen. All buckets will be labelled, sealed and weighted on-site. 
Three buckets of the bulk sample will be sent out immediately for initial geotechnical testing (grain 
size and moisture content). The remaining two buckets of the bulk sample and the pre-screened 
sample will be stored on site for potential future testing. 

5.3 Field Measurements 

The following field measurements will be taken during the field program in the fall of 1999: 

• field reconnaissance; 

• in-situ density measurements; and 

• ponded infiltrometer tests. 

The field program will begin with a site reconnaissance of the Questa waste rock dumps. The 
different waste rock dumps will be visited, sampling locations finalized and staked out. Selected 
waste rock faces (slopes) will be walked and the toes of the larger dumps visited to map and 
photograph the physical segregation along the rock slope. 

In-situ density measurements will be taken at each sampling site using the "sand cone method". 
Depending on site conditions, additional readings will be taken with a nudear densometer probe. 
This work will be perfonmed by a local contrador with experience in such measurements. At a 
minimum, 2-3 sand cone measurements will be taken per trench at different depths (or 1-2 sand 
cone measurements per test pit in a slope). The densometer readings will be calibrated using 
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these sand cone measurements. A minimum of 8-10 calibration points covering a range of 
conditions will be required. 

Infiltrometer tests will be cam'ed out to measure the in-situ (saturated) hydraulic condudivity using 
a ponded infiltrometer. A series of infiltrometer tests will be conduded covering a range of waste 
rock types and surface conditions (degree of weathering and compadion etc.). 

5.4 Laboratory Testing 

Table 4 lists the geotechnical and geohydrological laboratory tests to be perfonmed on the various 
waste rock samples. The tests will be carried out in an accredited soil laboratory in accordance 
with standard procedures (see Table 4). 

Table 4. Summary of Laboratory Tests of Physical Testing Program. 

Test 

Standanj Sieve 
(Wet)/Hydrometer 

Moisture Content 

(Bulk and Splits) 

Compadion 
(Prodor) Test 

Shear Strength 

Saturated 
Hydraulic 
Condudivity* 

Moisture 
Retention 
Charaderistics* 
(SWCC) 

Freeze-Thaw 
(Rock Spedmen) 

Wet/Dry 
(Rock Specimen) 

Protocol 

ASTM D 422-63(90) 

ASTMD2216 

ASTM D 698-91 

ASTM D 3080 

MOSA^ CHP.28 or 

ASTM D 2434-68 

MOSA CHP. 26; 
ASTM D 2325-68(94) 
and MOSA CHP. 24 

ASTM D 5312 

ASTM D 5313 

Material Type 

Aplite/ 
Granite 

2 

2 

1 

1 

1 

1 

1 

1 

Black 
Andesite 

2 

2 

1 

1 

1 

1 

1 

1 

Hydrothenmally 
Altered Mbced 
Volcanics 

7 

7 

2 

2 

3 

3 

1 

1 

Tuff 

1 

1 

1 

1 

1 

1 

1 

1 

* Specific protocols used depend on material properties. 

' Methods of Soil Analysis, Part 1,1986. A. Wute, ed. American Society of Agronomy, Madison, WI. 

The geotechnical testing will indude gradation, compadion (Prodor) testing and shear strength 
testing. The durability of the waste rock will be evaluated by exposing fist-sized rock specimen to 
35 freeze-thaw cycles and 80 wet-dry cydes and recording the loss of intad rock mass (ASTM D 
5312 and D5313, respedively). 

The geohydrological testing of the waste rock samples will indude saturated hydraulic 
conductivity testing and measurement of the soil moisture retention charaderistics (also refened 
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to as soil water charaderistic curve, SWCC). Table 4 lists the proposed testing procedures. The 
seledion as to which test protocol to use will depend on the material properties of the waste rock 
sample. The unsaturated hydraulic condudivity as a function of sudion (Hydraulic Condudivity 
Fundion) for a given sample will be calculated from the moisture retention data, grain size curve 
and saturated hydraulic condudivity. 

Initially, grain size analyses will be perfonmed on all grab samples from the trenches and smaller 
test pits. Based on a review of the grading curves specific samples will be seleded for further 
testing. Table 1 lists the proposed number of samples grouped by rock type for each test. A 
higher proportion of the finer-grained waste rock samples (hydrothennaily altered mixed volcanics 
and tuff) will be tested compared to the durable aplite/granite and "black" andesite samples. This 
bias refleds the higher proportion of these rock types at the surface of the instrumented waste 
rock dumps. The physical charaderistics of the waste rock material at or near the surface are 
considered more critical for understanding the net infiltration of precipitation into the dumps. The 
results of the geotechnical and physical testing program will be summarized in a progress report 
to be submitted to the NMED. 
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Table A1. Drill Hole Log for WRD 1 with Sample Selection for Phase la of the Geochemicai Characterization Program 

Drill Hole: W R D 1 

Start Date 7/31/99 
End Date 7/31/99 

Driller: Layne Western Drilling 

Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschentiacher, SMA 
G. Muller, SRK Consulting Inc. 

Depth 
From To 

Lithology Comments 

Paste 

pH 
Jsu2_ 

Paste 
Cond 
(^S) 

Moisture 

Content 

(%) 

Grain 
Size 

Analysis 

Phase 1a Geochemical Testing 

ABA ABA 
Duplicate 

Titration 
Testing 

Aplite, light grey, minor Pyrite, tan matrix dry 8 37 634 51 

I i i i iii!iiiliiiiliB»> W'/'wteBtte. mtwinx (lEy 1,04a 1<6 X 
10 15 Aplite, trace Pyrite, tan matrix dry, poor recovery 7.93 1,380 4.0 

wm wm Afiitey ffiityy Afldeslts, tjglai ffiey^ fem ttatrtx *L i m naso. Afi 

wm wm y^tanraatrU t*̂  Ijat): 4,4 
25 30 Andesite, > 1 % Pyrite, trace Molydenum, mineralized, brown matrix dry .color change 

to.,t(rowri at ~ZT 7.29 2,400 49 
5:sS:;? iSiai|illil||i:i|j>yBfe, A|!̂ ife. tmtit jgtyoij^ m n ^ , cmsit, f^^ce ftiti%ii!temtt» # 7 M ZO«i 4A 

35 40 Andesite, trace Pyrite, minor Aplite, Calcite, dari< brown matnx dry 7.73 2,200 6.2 
40 45 fresh Andesite, Calcite, dari< grey to black, dari< brown matrix dry 7.68 1.750 5.0 C I A 
45 50 Andesite, trace Chalcopyrite, abundant Calcite, dari< grey, dark brown matrix dry 784 2,340 6.2 

m SS Aftdfiiata. tfatifr gylte, Cafegte. <Sa(k jstwm itiatfk (fty 7 .^ g^g& 4,3 . X 
55 60 Andesite, porphyry, 1 % Pyrite, minor calcite, dark brown matrix dry 7.88 1,800 4.3 
60 65 Andesite, abundant Calcite, darit green-grey, propylitically altered, dari< brown matrix dry 8.11 2,070 47 
65 70 Andesite, trace Pyrite, abundant calcite, dart< grey, dark brown-grey matrix 7 89 1,630 40 
7& 75 Aj l l ^ l l l l l l i pg^B l i i i i l i l i g i l * y 7.98 1.8B2 3;S 
75 80 Andesrte, trace Pyrite, minor Calcite, dari( grey-green, dari< grey matrix dry 746 1,650 25 
80 85 Andesite, minor Calcite, black, minor propylitic alteration, grey matnx dry 816 1,065 24 

CIS 

^ ,Bjij»nrw{rBt m 8>l» 1,6 X 

Code: C1A Composite sample for grain size analysis 

Sample for geochemical testing 

Bedrock as inferred from drill action and borehole samples 

RGC Report No. 052007/2 
Roi>ertson GeoConsultants Inc. 

November 1999 



Table A2. Drill Hole Log for WRD 2 with Sample Selection for Phase 1a of the Geochemical Characterization Program 

Drill Hole: WRD 2 

start Date 7/31/99 
End Date 7/31/99 

Driller: Layne Western Drilling 
Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 
G. Muller, SRK Consulting Inc. 

Paste 
pH 

(SU) 

Paste 
Cond 
ms) 

Moisture 
Content 

_J%L_ 

urain 
Size 

Analysis 

Hhase la Geochemical lasting 
Depth 

From To 
Lithology Comments Tsr Duplicate 

Titration 
Testing 

mixed volcanics, mostly oxidized, yellow-brown clay rich matrix dry 499 1,410 57 C2A 
10 * y 4,0? 2 ^ 0 &? 

10 15 mixed volcanics, oxidized, yellow-brown clay nch matrix dry 3.53 2,780 8.8 
15 20 mixed volcanics, trace Pyrite, oxidized, yelkw-brown clay rich matrix dry 3.17 3,820 6.9 

C2A 

i i mmm rtrnm yt)i<^i<»,y««w^b«wnciay_fi^ i i i i l msmmmm m^ 25 30 mixed volcanics, yellow-brown clay rich matrix dry 3.38 3,140 10.7 
30 35 mixed volcanics, oxidized, yellow-brown clay rich matrix dry 3.21 3.190 10.2 

C2B 

35 40 mixed volcanics, trace Pyrite, oxidized, yellow-brown matrix moist 334 2,840 9 3 C2C 
40 4S ftfefed-v0i(aiiicfe.tr«» (̂ jBJe, <»iwte4 yaiia»>toai«p 6t$9m\ t n a ^ 3.2? ^ j a & »>9 
45 50 mixed volcanics, trace Pynte, oxidized, yellow-brown clay nch matnx moist 314 5,240 57 
50 55 mixed volcanics trace Pynte, yellow-brown clay nch matnx moist 317 6^440 6 3 

C2C 

9Si 
>m> 

3.:^ 
M^MMMMIM 

=?: <^^S,^.f :^v-

* ^ i f tO ' ' ' ' ' ' " ' ' " ' ' ' ' ' '0 ' ' " ' ' ' ' ' ' "^^*»" ' " " " " ' ' " ' ' ' ' " ' ' 'M ' ' ' ' " " ' ' ^ '^ ' ' ' ' ' ' ' ' ' ' ' " ' ' 'M" Miiiftiiimi'iijniiiiiiJtHWiTmrrtiiilH f i ^ ^ ^ i m j i g j l l im lAh^.V fcs^Ll.^1 ^ jiiiiiill^-iTSit S 
^~?r^^ r r r ^ ^ T r^:?;^!:^ ? ^ ^ = ^ 

iijmmgmpw 

^S^ ^ ^ 
idAuiufaMiUMiidUd£d^&UM^^Mttk,i^alita^UiUUiiiUM^^3^^^h.M& 

Code: C2A 

.inmt»»t»it»» 
"̂s 

Composite sample for grain size analysis 
Sample for geochemteal testing 
Bedrock as inferred from drill action and borehole samples 

RGC Report No. 052007/2 
Robertson GeoConsultants Inc. 

November 1999 



Table A3. Drill Hole Log for WRD 3 with Sample Selection for Phase la of the Geochemical Characterization Program 

Drill Hole: W R D 3 

Start Date 7/30/99 
End Date 

Driller: Layne Western Drilling 
Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 
G. Muller, SRK Consulting Inc. 

Depth 
From To 

Lithology Comments 

Paste 

pH 

JSliL. 

Paste 
Cond 
(^S) 

Moisture 

Content 

(%) 

Grain 
Size 

Analysis 

Phase l a Geochemical Testing 

ABA ASA 
Duplicate 

Titration 
Testing 

iiii i l l i i i jiii^i^iijpjiofiii i if\ tan $and, ^ stze rn^^ i i j i i i i i j y t e 6,W Z4% £.6. 
10 Aplite, minor Andesite, fresh blocks dry, split sample 8.02 948 0.4 

10 15 Andesite, minor Aplite. trace Pyrite. large fragments 

15 20 Andesite, trace Pyrite, fresh blocks 

dry, split sample, 
poor recoven/ 8.16 2.280 1.3 C3A 
dry, split sample, 
poor recoven/ 8 25 2.190 0.8 

20 25 ;Af«fe3{fe,t»efePytafe,fta3htto<^ <tfy, split saffpfe B.n ^ 7 0 3.5 
25 30 Andesite. trace Pyrite. blocks, brown matrix dry. split sample 7.94 2,290 4.8 
30 35 Andesite, blocks dry, split sample 7.84 2,420 4.1 
35 40 Andesite, Aplite, blocks dry, split sample 7.96 2,480 5.9 
40 45 Andesite, Aplite. Rhyolite fragments, trace to minor Pyrite, dry, split sample 7.97 2,730 4.0 C3B 
45 50 Andesite. Rhyolite fragments, trace Pyrite dry, split sample 8 27 2,150 23 
SO Rfa^qiilift, tr^imrP)0&, ^^g^tiyt^^^engaHyg^gfwivgtoai^ 

Andesite. trace pyrite. minor hydrothermally altered volcanic Pyrite 
4ff, •(0mmi^ 7M zmQ a,9 x̂  

55 60 dry, split sample 6.35 2,450 2.4 
60 65 Andesite, minor Pyrite, hydrothemiical alteration dry, split sample 6.01 2,560 4.2 
65 70 few Andesite, fragments, yellow-brown matrix dry, split sample 410 3,510 5.4 C3C 

70 ?$ M^si f^ jp^m Pyrite., fncffJ îatef|̂ tiydN^«n(iadf)ratteredky« f̂9>î  # , ^8.«»r9te 
3 ,^ :&j8a& S,i 

75 80 Andesite, minor Pyrite. minor Aplite. hydrothermally altered, yeltow-brown 
matrix 

dry, split sample 
3.93 3,760 4.6 C3C 

80 85 Andesite, trace Pyrite, hydrothermally altered, yellow-brown matrix dry, split sample 4 41 4,150 4.1 

m d& t̂fVSdsJte, «tH9r PyHs^ flttor t ^ ^ v e ^ t ^ <:3»^^ 
riVjiiiwttlrttftivav 4Xmm. tmiMamt* «mm 6M... . ^ 7 ^ . J A . 

90 95 Andesite, trace Pyrite. minor Rhyolite. yellow-brown matrix dry, large fragment; 6.35 3,930 4.0 
95 100 Andesite, Rhyolite, mixed volcanics, fresh and hydrothermally altered, yellow-

hfiwyn matrix. 
dry, split sample 

4.64 3,270 3.8 

mm mm mi i i i iSl wm 
105 110 Andesite, minor Rhyolite, mixed volcanics. fresh and hydrothermally altered. dry, split sample 

Code: C3A Composite sample for grain size analysis 

Sample for geochemical testing 

Bedrock as inferred from drill action and borehole samples 

RGC Report No. 052007/2 
Robertson GeoConsultants Inc. 

November 1999 



Table A4. Drill Hole Log for WRD 4 with Sample Selection for Phase l a of the Geochemical Characterization Program 

Drill Hole; W R D 4 

Start Date 7/29/99 
End Date 

Driller: Layne Western Drilling 

Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 

G. Muller, SRK Consulting Inc. 

Depth 
From To 

Lithology Comments 

Paste 

pH 

(SU) 

Paste 
Cond 
(>iS) 

Moisture 

Content 

Grain 
Size 

Analysis 

Phase 1a Geochemical Testing 

ABA ABA 
Duplicate 

Titration 
Testing 

mixed volcanics, hydrothermally altered, coarse gravel, tan fines 

m »ate»tte6, mat m»iti, ftytft^^argaBy tm^s, m o ^ taety>aatitt aige<i 

dry. whole bucket 

$§mt2l£_ 4.17 1,880 5.4 

t^,^^me$it S.t1 2,aa)^ &.3i 
10 15 Andesite, Granite, angular gravel, light brown silt-clay matrix, dry, split sample 7.40 2,400 5.5 
15 20 mixed volcanics, hydrothermally altered, dark brown fines dry, split sample 7.19 2.720 6.7 

C4A 

20 25 Aplite, Granite. Andesite, gravel dry, split sample 7.87 2,810 4.2 

mmmtwmm iMl^^^^^s^^p^^es^^^!»^, tteBi btam mafrix <ty, iS^g safflpte e.4 
30 35 volcanic, light grey, gravel, hydrothermally altered, tan matrix dry. split sample 6.74 2,790 5.6 
35 40 volcanics, light grey, hydrothermally altered dry, split sample 7.51 2,870 3.9 

C4B 

40 4& f tm^ ypfe«>Nii».flr̂ > «<>amt3te^.Wi m a m m^^iimpw 1M(» JA. X 
45 50 volcanics, grey, coarse blocks,tan matrix dry, spilt sample 4.68 3,100 4.5 C4C 
SD votearttes-, ^rey, ^cst^Kt" m., ^ t i w s i ^ 

55 60 
fe^*^ite AM 4 . 1 ^ &9 

volcanics, grey, coarse gravel, tan matrix slightly moist, split 

aamolfi. 7.78 4.170 4.9 C4C 

Andesite. dark grey, volcanic, angular, one lithology moist, split sample 

Code: C4A Composite sample for grain size analysis 
Sample for geochemical testing 
Bedrock as i n t e n d from drill action and borehole sample 

RGC Report No. 052007/2 
Robertson GeoConsultants Inc. 

Novemt>er 1999 



Table AS. Drill Hole Log for WRD 5 with Sample Selection for Phase la of the Geochemical Characterization Program 

Drill Hole: W R D 5 

Start Date 
End Date 

8/1/gg 

8/1/99 

Driller: Layne Western Drilling 

Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 

G. Muller, SRK Consulting Inc. 

Depth 
From To 

Lithology Comments 

Paste 

pH 

JsuL 

Paste 
Cond 
(^S) 

Moisture 

Content 

(%) 

Grain 
Size 

Analysis 

Phase l a Geochemtoal Testing 

ABA ABA 
Duplicate 

Titration 
Testing 

Andesite, Rhyolite, mixed vocanics, yellow-brown matrix moist 6.18 2,590 6.8 

mmm w^^s^^ f̂̂ î̂ ^Mî (̂ 6mmmm 7JB4 M 47 X 
10 
15 

15 minor Aplite. mixed volcanics, yellow-brown clay rich matrix moist 4.40 1,650 9.4 
20 Andesite, trace Pyrite, highly altered Rhyolite, black, mixed volcanics, yellow-

brovwi (clay-rich) matrix 
moist C5A 

3.000 11.6 
2$ ^^1#s$ i f « ,« ; ^ rFVa» . t ^ ^ ^«^ f« i i (R^ i ( « t f e ^4 t ^«4Sm)MV4 i !W^^ WtOl$t 

sm 9.1W . ĝ ,g. X . 
2$ /d«iesite.,^b36e PyrtEe, mlnctr l^j^Se^^tark^rey, ^^)f iy«tkSzed; brawn 

mm , 
* y 

S.ti .J^TSQ:.. 44 X 
30 35 Andesite, Rhyolite, trace Pyrite, dark grey-brown matrix dry 7.60 3.770 5.8 sample missing 

36 40 ftiHfe$ite»<t»!Haiwa'»wii, a m iMit$, pm^m^ m^mtm^^^mni^ tfty 8><R 2 J 5 ^ 4,8 K 
4D 45 faOetXte^, traee Pyttte, CaJetej <d«lc geesf^iein, pnt^iyife alteftiltsi, gr«y 

iT̂ gifalx , 
(fry 

8.0^ ^280 4.2 
45 
50 
55 

50 Andesite. minor Pyrite, dari< green-grey, grey matrix dry 8.34 3,430 4 3 
55 Andesite. trace Pyrite. Calcite. dari< grey-green, grey matrix dry 7.89 3,640 4.5 C5B 

60 Andesite, drak grey, brown matrix dry 7 67 2,530 4.6 

65 70 trace Pyrite, mixed volcanics, large blocks oxidized, brovwi matrix dry 7.73 1,510 7.4 
70 75 Andesite. trace Pynte. Epidote, minor Rhyolite.dartc grey-green, grey matnx dry 8.11 

.̂ t̂  
1.050 4.9 

W^ i*^\ 
> i i f t i i i r i i n i ( i » ! i»»!?wtiff LH!.miljjlHHj-L:t ll\l l[.i>MjMlj.timtjl '^-lll.lt^lMI.HtjllMlj.im>illjj lTtjlQ[jH^ s ^ ^ iiiijiij.i|.n'i.t.mi imi1i i i j ' . j .^,- . . . j^.^ . „ . . . . . . ŷ  t)5|' i^( i i ' i i t i f f l liSi'iijtiiij'^ii 

Code: C5A Composite sample for grain size analysis 

. Sample for geochemical testing 

x- . '> . i^ ' t Bedrock as inferred from drill action and borehole samples 

RGC Report No. 052007,2 
Robertson GeoConsultants Inc. 

November 1999 



Table A6. Drill Hole Log for WRD 6 with Sample Selection for Phase l a of the Geochemical Characterization Program 

Drill Hole: WRD 6 

Start Date 8/4/99 
End Date 8/4/99 

Driller: Layne Western Drilling 
Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher. SMA 
G. Muller, SRK Consulting Inc. 

Grain 
Size Depth 

From To 
Lithology Comments 

Paste 
pH 

JS±. 

Paste 
Cond 
(^S) 

Moisture 
Content 

Phase 1 a Geochemical Testing 
A^A I A^A jtlirail ition 

& mm •mmî .imitJtimntmMî f̂ ffi aj7 . M ^ 7M 
10 mixed volcanics,dominant Tuff, trace Pyrite, grey, light brown clay rich matrix moist 3.29 3,350 7.02 C6A 

10 1$ 

i>t<m.<A»tMhmm.. ttm 10;4S 
15 20 black Andesite.light grey Rhyolite/Tuff. mixed volcanics, light brown clay rich 

matrix 
moist 

3.62 2,960 11.25 
C6A 

20 25 pi^Kt»y0!a#y}T«ft<ffJli^V«ittw«dv0^««fcJ»(IBi!ii^ 
3.94 

i iMT ' in imi ' »M 
25 3& gre? f»vof{te, tfflBft f y m , <tu9^). t p ^ P m t wtefiSfe 

slisaL 4.4& 
mi iMt i i i t t i t u 

7.sr 
zm 

I l in t 111 i****i 

e^s. i**>tlllMtilltl 
30 T i M t i m » P ^ , i ^ ^ t r j i ^ , gr«y nwlrix X ' 
35 40 Tuff, massive Pyrite, dari( grey, very little banding, grey matrix moist 7.50 2,430 6.24 
40 45 Tuff, >1 % Pyrite, Epidote, dart< grey, crystal, grey matrix slightly moist 7 71 2,850 616 

C6B 

45 m tniHimmnwm, 
«fty 

HHIIIIIIIIIinttMMIt>lttltW*M;>MIMtMMIttll l l l l l l l lMtltM*HIIIIIII I l l l i l i l l I l i 11 IIII III lit 1111 i l l t l 11 IHtl 
r.:64 d,(M A M 

m ii»wdvcrfo89i5tc%4ijn«j««eTj^,>1%P^,ic<a(%|f9y»cqffi««N>gr<^ * y 

X ^ - - X ^ XS ; X - - " •• \sw.: : . ;">; . ;^-- . .v-v••••••%• ^ . . . . . . . ^ ^ . . ^ ^ . . . . ^ . . . . ^ . ^ . ^ . v . 

j f e M M M l i H i M U t M A M M i M U U I i i i i i i U M i ^ U M U U l W H M U i M M l k M U M l A M i M M U U i i i * ^ ^ 

Code: C6A Composite sample for grain size analysis 
Sample for geochemical testing 
Bedrock as infen'ed from drill action and borehole samples 

RGC Report No. 052007/2 
Robertson GeoConsultants Inc. 

November 1999 



Table A7. Drill Hole Log for WRD 7 with Sample Selection for Phase l a of the Geochemical Characterization Program 

Drill Hole: WRD 7 

Start Date 
End Date 

8/1/99 
8/2/99 

Driller: Layne Western Drilling 
Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 
G. Muller. SRK Consulting Inc. 

Depth 
From To 

Lithok)gy Comments 
Paste 
pH 

JSUL. 

Paste 
Cond 
(|iS) 

Moisture 
Content 

(%) 

Grain 
Size 

Analysis 

Phase 1a Geochemical Testing 
ABA ABA 

Duplicate 
Titration 
Testing 

Andesite, trace Pyrite, Aplite, yellow-brown matrix dry 568 2,450 5.4 

m mm mmiKP t̂î , 'nmf̂ mmmim m M̂A t^m 5-j 
10 15 Aplite, mixed volcanics, yellow-brown clayey matnx moist (raining) 3.63 2,850 7.4 
15 20 mixed volcanics, Aplite, yellow-brown matnx moist (raining) 3.09 3,140 104 

C7A 

20 :» mxti y<itetftlesv ̂ i 0 s , y:^lism^mm m m *y sjm 72 
25 30 mixed volcanics, dominate Andesite, brown matnx dry 4 52 3,140 4.9 
30 3S neifett v o ) e M ^ inevwt tn^rEK *y r.te 3Ll i» 5.2 
35 40 mixed volcantes, dominant Rhyolite, rh prophyry. grey-brown matnx dry 7.57 3.110 6.6 
40 45 mixed volcanics, Aplite, grey-brown matrix moist (lightly C7B 

7 57 2,600 66 
45 5D mim «wep{ij$>A|!i«te. bwnifwi mmn *y 7.a> 2,2<» 7.2 
50 55 mixed volcanics, dominant grey Rhyolite, grey-brown matrix dry 7.71 2.250 55 
•SS Bateed v!olo»itieî fteaRafe}iî >yi>Btei a m (¥»(Hx friolst 7.4^' 2m_ 7A 
60 65 grey Rhyolite. minor Andesite, grey matrix moist 7.91 1,410 6.4 
65 70 mixed volcanics, dominate Rhyolite, grey-brown matrix moist (lightly 

(aiMIO) 

C7C 
763 2,400 56 

70 n ^^^^Wtpl^i^psi^s^xmimS^i mrsn Pyie, nsiwr^as^ Ancî ?̂ * t(9» 'isf 

Code: C7A 

iiij.i.iiinj.k|!.ii"i 
Ls s SS s<:ss 

Composite sample for grain size analysis 
Sample for geochemical testing 
Bedrock as inferred from drill action and trarehole sample 

RGC Report No. 052007/2 
Rotiertson GeoConsultants Inc. 

November 1999 



Table A8. Dril l Hole Log for WRD 8 with Sample Selection for Phase l a of the Geochemical Characterization Program 

Drill Hole: WRD 8 

Start Date 
End Date 

8/3/99 
8/3/99 

Driller: Layne Western Drilling 
Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 
G. Muller. SRK Consulting Inc. 

Depth 
From To 

Lithology Comments 
Paste 

pH 
(SU) 

Paste 
Cond 
(MS) 

Moisture 
Content 

(%) 

Grain 
Size 

Analysis 

Phase 1 a Geochemical Testing 
ABA ABA 

Duplicate 
Titration 
Testing 

Grey weMed tuff, volcanic brecia, dark brown matrix moist 3.25 2,440 4.7 
10 Grey tuff, dark brown matrix moist 3.47 2,480 6.2 

m :i?i:!; Gfey tuff, ciyetal rich aftdctystat poor vatie!i». dark brewm clay tika-itnatrt̂  ^ m i 2.7-«> mm 
15 

20 
20 Dark grey tuff, trace pyrite. dark brown clay rich matrix moist 3.23 2.730 6.5 
25 Dark grey tuff, minor pyrite, silicified, dari< grey-brown matrix moist 6.17 2.500 56 

C8A 

25 30 < ^ i n ^ , trttqrftyjfe, gi<^fieftd»iikgt^-^>r<riwftaft»ti^ statiix moi$t ^m ?jm 6s7 JL 
30 35 Grey tuff, trace pynte, silicified, dark brown-orange clay nch matnx moist 3.35 2,620 7.9 
35 40 Grey tuff, trace pyrite. crystal rich, brown-orange clay rich matrix moist 3 07 2,910 80 

40 4& 'i^tailt.trocB Jff l^ j g fy^ i Btfej- ferwffHffamgg <fey rfel̂  IPSIS» ^ J ^ X790 .M^ 
45 

50 
50 Grey tuff, minor pynte, crystal nch, grey-brown matrix moist 3.98 2,680 8.5 
55 Grey tuff, minor Pyrite, grey-tan clay rich matrix moist 3 91 2,570 9.3 

C8B 

SS 66 <*g^g<^1>»Kv*f6tee|'ym6, < ntoisit 4,n zsm r,3 
60 

65 
65 dari< grey Tuff, trace Pynte, brown clay nch matnx moist 4.02 2.760 7.8 
70 dari< grey Tuff, crystal poor, light brown clay rich matrix moist 3 79 3.050 8.7 

CSC 

70 7S tfEBtcffli^Tatf, iraefePyflte, light brttim mataix 3,95 3.100 8.7 
75 80 dark grey Tuff, trace Pyrite. light brown clay rich matrix moist, dner than 

above 3 93 3,380 94 

1 !M(l»"»iij i l l l l1|| I ' tm^mtmnnji s ^ 
' ' - - - • • " ^ 

j l l . " IHj l(^ l l l l f» 10'tjXfHHMII.m iMHi t i i iMnmn 

.:ail H ^ ^ --- sS ' -• •issx 
l ^ . m i h 

Code: C8A Composite sample for grain size analysis 
Sample for geochemical testing 
Bedrock as infen'ed from drill action and borehole samples 

RGC Report No. 052007/2 
Robertson GeoConsultants Inc. 

November 1999 



Table A9. Drill Hole Log for WRD 9 with Sample Selection for Phase 1a of the Geochemical Characterization Program 

Drill Hole: W R D 9 

Start Date 
End Date 

8/2/99 
8/3/99 

Driller: Layne Western Drilling 

Equipment: AP-1000 Hammer Drill 

Logged By: A. Eschenbacher, SMA 
G. Muller, SRK Consulting Inc. 

Depth 
From To 

Lithology Comments 

Paste 

pH 
(SU) 

Paste 
Cond 
( M S ) 

Moisture 

Content 

_ i % L _ 

Grain 
Size 

Analysis 

Phase l a Geochemical Testing 

ABA ABA 
Duplicate 

Titration 
Testing 

Mixed volcanics, trace pyrite, oxidized clasts, light brovwi matrix dry 3.10 2,780 7.3 
10 Mixed volcanics, brovm clay rich matrix moist 3.79 1,660 9.6 

C9A 

10 

15 
15 Wnm «B)ea>(c$, <a»t)iitaife tewtesgê  matt, atom mf^mi m ^ ^ 3.21 a,4«)̂  r,s 
20 black Andesrte, trace Pyrite, brown clay nch matnx moist 3.05 2,910 66 C9A 

20 as $ ^ w ^ t i ^ , a ^ i>ytte, niJfioF a m itiy f̂te,. ifvmt rmM (ftotst 3.a^ t:m 
25 30 Tuff, dark grey, vrelded, brown matrix dry, poor recovery 4.01 2,550 5.6 
30 35 Mixed volcanics, andesite, trace pyrite, rtiyolite, tuff, brown matrix dry. poor recovery 3.23 2,840 5.6 
35 40 Grey rhyolite, dark grey tuff, welded, light brown matrix dry, poor recovery 3.41 2,630 6.5 
40 45 Rhyolite, light grey, fresh, large blocks, light brown-grey matrix dry 3.24 1,290 6.1 

mm .RJt?!«<«.:M'«:?^±ft'«^..N(^ i f ^ y . mm ^mm m^m 50 
55 

60 

55 Grey rhyolite,tuff, welded, light brown clay rich matrix moist 3.01 3,110 8.7 
60 Tuff, grey, welded, light brown clay rich matrix moist 3.56 4,280 9.8 C9B 

65 grey welded Tuff, minor oxidized Tuff wrth trace Pyrite, light brown clay rich dry 3.67 3,980 6.9 
65 70 Tuff, >1 % Pyrite. grey, crystal rich, brown clay rich matrix moist 3.57 3,270 8.5 
70 75 grey welded Tuff, Tuff breccia, boulder * / - 3' dia., minor Pyrite dry 3.88 3,460 4.3 

wm wm m, i i i i i i i i is i i 
80 
85 
90 

85 Red-grey tuff, >1 % pyrite. epidote, large blocks, light brovm matrix dry 6.82 3.530 5.1 
90 Mixed volcanics. red-grey tuff, strong pyrite. oxkiized and bleached crystal dry 4.59 3,960 7.3 C9C 
95 Mixed volcanics, mostly rtiyolite. red-grey, crystal rich, minor pyrite, light dry 362 3,810 79 

9S 100 iV t̂Stbt 3,4:^ .M*ft.. S>lSf 
100 105 Mixed volcanics. mostly vanous tuffs, fresh, oxidized, light broen clay nch dry 3.78 3.450 6.0 
105 110 Mixed volcan'cs. light brown-grey matrix dry 3 73 4,660 56 
110 l i s J\M, ({gj^fflgy^tifyst^iKat, boiMar, \ ^ bwwavffl^ tsateftt m̂  3.B2 4.5 
115 120 Mixed volcanics. dominate tuff, light grey, boulder, grey matnx dry 390 4.940 2 7 

i j i i l t ih t iMrt i^ ^ ^ W t f ^ M M H t i i J I f U jh 

y:^ •• -̂:̂ --̂ -̂ -.t:..--̂ = -̂->... ^A^:^^'; -....-.sf \ --N ^i-^.,.s;>r? s. 

Code: C9A Composite sample for grain size analysis 
Sample for geochemical testing 
Bedrock as intended from drill action and borehole samples 

RGC Report No. 052007/2 
Robertson GeoConsultants Inc. 

November 1999 
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Questa Waste Rock Investigation Physical Properties Log 
Drill Hole: WRD-1 
Logged By GM 
Date 9/16/99 

Interval 

From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

Max Particle 

(inches) 

1 

4 

1.5-2 

2-3 

2.5-3 

3 

2-2.5 

1.5-2 

1.5 

1-1.5 

1.5-2 

1.5-2 

3 

1-1.5 

1.5-2 

2 

Gravel 

(%) 
60 

80 

SO 

60 

60 

50-60 

50-60 

60 

70 

60-70 

50-60 

70 

70 

Sand 

(%) 
20 

20 

30 

30 

30 

30 

+/-30 

25 

20 

20-30 

+/-30 

20 

20 

Silt and Clay 

(%) 

20 

20 

10 

10 

+/-10 

+/-10 

+/-15 

+/-10 

+/-10 

+/-10 

+/-10 

+/-10 

Comments 

Coarse gravel in fresh matrix, little weathering, durable 

Very coarse gravel with +/- 20% sand and silt/caly 

Increasing fines, tines HP 

Coarse gravel 

Similar to above, slightly coarser 

Coarse gravel with sand, durable, little weathering 

Med coarse gmvel with sand, NP fines 

/ks above 

As above 

Slightly finer, mostly fine, durable gravel with slightly plastic fines 

Mostly med gravel, fresh, daric with little weathering, durable 

Mostly 1/4 to 1" gravel, little weathering, durable 

As above 

As above 

As above 

Med coarse gravel, fresh and unweathered 

As above 

As above 

Similar to above, coarser 

Mostly 1" gravel, fresh and durable 



Questa Waste Rock Investigation 
Drill Hole: WRD-2 
Logged By GM 
Date 9/16/99 

Interval 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

5 

10 

15 

20 

25 

30 

35 

40-

45 

50 

55 

60 

65 

70 

Max Particle 
(inches) 

1 

1.5 

3/4-1 

1.5 

1 

1.5-2 

1.5 

1 

3.5-4 

3x5 

Gravel 
(%) 

40-50 

50-60 

30^0 

30-40 

40-50 

80 

60-70 

Sand 
(%) 

20-30 

+/-40 

+/-40 

20-30 

15 

20 

Silt and Clay 
(%) 

>20 

+/-30 

+/-30 

+/-20 

5 

10 

Physical Properties Log 

Comments 

Mostly fine gravel virith weathered plastic fines 

As above 

As above 

Slightly coarser, mostly - 3/4" gravel 

Finer, mostly -3/8" gravel and sand with plastic fines 

As above 

As above 

As above, more coarse fragments 

As above 

Slightly larger gravel fragments, plastic fines 

As above 

As above 

Mostly very coarse and durable, fresh and unweathered 

Mostly 0.25 t o r gravel 



Questa Waste Rock Investigation Physical Properties Log 
Drill Hole: WRD-3 
Logged By GM 
Date 9/17/99 

Interval 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

Max Particle 
(inches) 

3/4-1 

2 

1.5 

2 

1.5 

1.5 

2.5x3 

2.5 

1.5 

2 

2.5 

2 

1/2 

3/4 

>4 

1.5 

2.5 

2 

1 

1.5 

1 

2 

2 x 3 

2 

Gravel 
(%) 

+/-50 

100 

80 

70 

+/-50 

60-70 

70 

80 

60 

60 

20-30 

55 

70 

60 

50 

60 

75 

75 

Sand 
(%) 
35 

0 

15 

20 

40 

35 

20 

15 

30 

30 

50 

30 

20 

25 

30 

25 

20 

20 

Silt and Clay 
(%) 

15 

0 

5 

10 

10 

10 

10 

5 

10 

10 

30 

15 

10 

15 

20 

15 

5 

5 

Comments 

-1/2" gravel 

Coarse and angular -2" gravel,. (Sample fines may have been lost) 

Mostly - 1 " gravel, durable with few fines 

As above 

As above 

-3/4" gravel, slightly plastic fines 

Coarse -1.5" gravel, durable 

Mostly -3/4" gravel with plastic fines 

Coarse and durable - 1 " gravel. few large fragments, NP fines 

As above 

As above 

Decreasing grain size, mostly -3/8" gravel, increasing altered fines 

As above 

Mostly fine sand and finer, slightly plastic 

- 1 " gravel in altered fines matrix 

As above 

As above 

Mostly -3/4" gravel, altered matrix 

As above 

As above 

Mostly -1/2" gravel 

As above 

More durable gravel, mostly - 1 " , fresher fines 

As above 



Questa Waste Rock Investigation Physical Properties Log 
Drill Hole: WRD-4 
Logged By GM 
Date 9/16/99 

Intenral 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

Max Particle 
(inches) 

1-1.5 

1.5 

1-1.5 

1.5 

1.5 

3 

1 

2 

2.5 

3 

1-1.5 

1-1.5 

2 

1.5 

Gravel 
(%) 

70-80 

70-80 

+/-60 

70-75 

+/-60 

50-60 

40-50 

50-60 

60 

50 

+/-60 

50 

50 

Sand 
(%) 

+/-20 

+/-20 

30 

15 

20-30 

20-30 

30 

20-30 

30 

35 

30 

25 

25 

Silt and Clay 
(%) 

+/-10 

+/-10 

+/-10 

+/-10 

+/-10-20 

15-20 

+/-20 

20 

+/-20 

15 

10-15 

25 

25 

Comments 

Mostly >3/8 inch gravel, moderate weathering/alteration, durable 

As above 

Mostly >1/4 inch gravel with minor sand and fines 

Increasing sand and silt, some plasticity 

Mostly > 1/4" gravel 

Mostly gravel, several large fragments 

Increasing fines, more vreathered/altered 

Few large fragments, mostly fine gravel and sand, wreatherd/altered 

Well graded gravel, mostly fine gravel with sand, weathere/altered. 

Mostly coarse gravel weathered 

Finer gravel finer overall, weathered/altered. 

Coarser, mostly gravel 

Mostly gravel in vireathered matrix 

As above 



Questa Waste Rock Investigation 
Drill Hole: WRD-5 
Logged By GM 
Date 9/16/99 

Intenral 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

Max Particle 
(inches) 

.1.5 

1 

3/4-1 

1.5 

1 

1 

1.5 

3 

1.5 

1.5 

1.5 

1.5-2 

1 

1.5 

3 

2 

Gravel 
(%) 
50 

50 

+/-50 

50 

+/-70 

+/-70 

+/-60 

70 

+/-50 

40 

40 

60-70 

50 

+/-70 

55 

Sand 
(%) 
30 

30 

30 

15 

20 

25 

15 

40 

45 

50 

20-30 

30 

20 

30 

Physical Properties Log 

Silt and Clay 
(%) 
30 

20 

20 

. 15 

10 

15 

15 

10 

20 

10 

10 

20 

10 

15 

Comments 

Mostly fine gravel and sand in clayey matrix 

Mostly -3/4" gravel, clayey altered matrix with mod plasticity. durable fragments | 

Mostly fine gravel and sand in clayey matrix 

-3/4" gravel in plastic matrix 

Slightly coarser 

-3/4 inch gravel, slightly plastic fines 

more durable gravel 

Mostly durable gravel with some fines and sand. 

Durable gravel 

- 1 " gravel in fresh matrix, sandy 

less gravel, mostly sand 

Coarse durable fragments 

Earthy, - 1 " gravel, NP fines 

As above 

Mostly fine gravel and sand, durable 

Mostly gravel and sand, durable 



Questa Waste Rock Investigation 
Drill Hole: WRD-6 
Logged By GM 
Date 9/16/99 

Interval 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

Max Particle 
(inches) 

1.5-2 

2 

1 

1 

1 

1.5-2 

2 

2 

1.5 

2 x 3 

Gravel 
(%) 

30-40 

50 

50-60 

70 

Sand 
(%) 
35 

35 

30 

20 

Physical Properties Log 

Silt and Clay 
(%) 

20-25 

15 

15-20 

10 

Comments 

Mostly -1/2' gravel in altered, high plasticity matrix 

/\s above 

As above 

As above 

As above 

Mostly-1/2" gravel, mod plasticity matrix 

Mostly -3/4" gravel, altered matrix with mod plasticity 

As above, mostly-1" 

As above 

Coarse qravel, durable and angular 

As above 

As above 



Questa Waste Rock Invest igat ion Physical Propert ies Log 
Drill Hole: WRD-7 
Logged By GM » 
Date 9/16/99 

Interval 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

Max Particle 
(inches) 

2 

2-3 

1-1.5 

1.5 

3/4 

1 

2 

1/2-3/4 

3/4 

3/4-1 

>2 (one) 

3/4-1 

1-1.5 

1-2 

1.5 

3 

Gravel 
(%) 

30 

60 

60-70 

50-60 

50 

70 

50-60 

50-60 

>50 

+/-50 

+/-60 

+/-50 

+/-60 

40 

50-60 

60 

Sand 
(%) 
40 

20 

20 

10-30 

30 

20 

20-30 

20 

20 

30-40 

30 

+/-30 

+/-30 

30-35 

+/-30 

30 

Silt and Clay 
(%) 
30 

20 

10-20 

20-30 

20 

10 

10 

20 

10-20 

+/-10 

+/-10-15 

15-20 

10-15 

15-20 

10-15 

10 

Comments 

Mostly sand and fines, altered matrix with moderate plasticity 

Few large flragments in weathered/altered matrix 

Mostly fine gravel in weathered, clayey matrix 

Mostly gravel in plastic clay matrix, moist 

Finer, mostly fine gravel, plastic fines 

Increasing gravel, more durable and less weathered/altered 

Mostly -1/2" gravel, less altered 

Mostly fine gravel and sand, increasing fines, slightly plastic 

Slightly plastic fines, few large fragments, mostly fine gravel, mod weathering/alt 

Mostly fine gravel and sand, lower plasticity, mod weathering 

Coarse, more durable, mostly fine gravel and sand, less weathered 

Increasing plastic fines, mostly fine gravel and sand 

Slightly coarser qravel, plastic fines 

More weathered, plastic fines, decreasing gravel content, mostly sand v^h gravel 

Slightly coarser, gravel weathered. 

Mostly coarse and durable gravel, 40% > 1" 



Questa Waste Rock Investigation 
Drill Hole: WRD-8 
Logged By GM 
Date 9/16/99 

Interval 
From To 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

Max Particle 
(inches) 

2 x 3 

1 

2 

1 

2 

2 

1 

1.5 

2.5 

3 

1.5 

1 

1 

2 

2.5 

2 

2.5x3 

Gravel 
(%) 
80 

40 

50 

50 

60 

50 

60 

60-65 

70 

Sand 
(%) 
15 

45 

35 

35 

30 

35 

30 

25-30 

20-

Physical Properties Log 

Silt and Clay 
(%) 
5 

15 

15 

15 

10 

10-15 

10 

15-20 

10 

Comments 

Mostly coarse gravel, weathered/altered matrix 

Mostly fine gravel in weathered, altered plastic matrix 

As above with more gravel, mostly -3/4" gravel 

As above, mostly -3/8° gravel, few larger fragments 

Mostly -3/4" gravel 

Mostly -3/4" gravel in weathered plastic matrix 

As above 

As above 

As above 

-1.5" gravel, high plastidty altered matrix 

-3/4" gravel, high plasticity altered matrix 

/\s above 

As above 

As above, coarser - 1 " gravel 

Few larger fragments, -3/4" gravel 

As above 

Mostly minus 1.5" gravel 
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